Friction Stir Welding is a novel material joining process which involves a tool probe which stirs the materials to be joined at the joining interfaces creating friction which in turn generates temperature resulting in material flow from one side to another due to which the joining of the materials takes place. The various parameters which influences the material joining process are the tool tilt angle, rotational speed, translational speed of the tool, tool geometry, axial force etc.. these process parameters influence the generation of heat and friction and influence the material flow pattern. In this present student the material flow due to change in the tool geometry is analysed using the principles of digital image analysis. This analysis is compared with mechanical and microstructural properties and results of the both the methods have shown good correlation.
I. INTRODUCTION
Friction Stir welding process is a significant metal joining process since its invention by The Welding Institute(TWI) in 1991 [1] .Friction Stir welding process is a joining process which employs a tool which rotates and travels along the joining surfaces which are clamped together. The tool is non-consumable and many types of tool profiles are employed for the welding purpose. Tool geometry is defined by the shoulder diameter, pin diameter, profile of pin and the pin length. The pin length is usually shorter than then the thickness of the plates. The pin is penetrated into the work pieces and the tool rotates and transverses along the centreline. The interaction that takes place between the tool & work piece gives rise to friction generating heat which in turn creates plastic deformation and the flow takes place in plasticized state as the tool traverses forward [2] .the process is illustrated in the Fig The material flow in friction stir welding is complex in nature and mainly depends on the tool geometry& other process parameters viz. tool rotation speed, traverse speed of welding, tilt angle of the tool, axial force applied and properties of the material to be welded. The weld formation depends on the material flow behavior of the materials to be welded. As friction stir welding is a fusion welding process the welding takes place due to the intermixing of the materials for which material flow is the primary criteria.
Fig. 1 Friction Stir Welding Process
Understanding of the material flow pattern and flow characteristics during the friction stir is very much essential for proper selection of the process parameters and the tool geometry [3] .Few attempts are made by the researchers to describe the material flow characteristics. Material flow during the friction stir welding process is illustrated experimentally by employing marker insert technique which partially described the material flow in the weld zone [4] .some attempts are made to describe the material flow using two-dimensional flow modelling around the tool pin [5] [6] .CFD was used by some researchers to describe the 3D model flow [7] .Tool geometry plays an important role and influences material flow in friction stir welding process [8] .The advantage of the friction stir welding process is that it reduces various metallurgical problems like porosity, spatter etc., and also it is an environmental friendly process. As friction stir welding is a hybrid thermo mechanical process the weld zone is near the joint and is divided into different zones Base Metal zone(BMZ),Heat affected ZONE(HAZ) and thermo mechanically affected zone(TMAZ).BMZ has no microstructural changes, no plastic deformation occurs in the HAZ but due to the heat generated microstructural changes occur in HAZ..Drastic microstructural changes are observed in TMAZ [9] [10] [11] [12] . The properties of the welded joint are mostly influenced by the temperatures due to the heat generated due to the friction between the tool and the work piece.
RECENT ADVANCES IN ELECTRONICS AND COMMUNICATION ENGINEERING-2017(RAECE-2017)

II. Experimental work
In this study 8mm sheets of AA 6061 are welded to 8mm The chemical of the material composition and tool description are tabulated in the Table 1 and Table 2 . 
Fig. 2 Friction stir welding experimental setup with provision to measure temperatures using thermocouples
The friction stir welding process is carried on a modified vertical milling machine on which a specially designed fixture is mounted to hold the 100mmX200mmX8mm plates and clamed firmly. Experiments are conducted using tools of varying tool pin profiles to estimate the impact of the tool pin profile on the weld strength. Taper, hexagonal and cylindrical tool profiles are used for the welding purpose and comparison of the mechanical and macrostructures properties is done. The process parameters for tool profiles are kept constant as follows the tool rotational speed of 1400rpm and welding speed of 60mm/min. Temperatures are measured using K-type thermocouples during the welding process to estimate the heat generated during the friction stir welding process using different profiles image processin parameters are shown in Table 3 
Colour images of Friction Stir Welded AA 6082-T6 Specimens
Following are the images of Friction Stir Welded specimens, welding are done by using different tools mentioned in Tool geometry details 
III. Observations
During plunging, wherein tool tip from work surface pierces into work till required depth, RMS, energy, amplitude signal strength and z-axis load were found to increase continuously at faster rate. The time taken for complete plunge and dwell time in this case is about 30 seconds, then the tool traverses with the set speed resulting in welding till the present length of weld obtained. Radiography test showed defect in the weld at a few places by comparing the variation in values of AE parameters and force data, it was observed that
The RMS value is found to vary from 30 to 110 seconds of welding as welding is progressed The RMS value is found to vary from 0.15 to 0.25v except at places where the defect was identified. At the location where the defect was observed, the sudden increase in RMS was from 0.15 to 0.39v at 60th second and from 0.2 to 0.35v at 110th second of welding.
The Energy is found to increase marginally from 30 to 110 seconds welding is progressed The energy value is found to increase from 19000 to 30000 units except at places where the defect was identified. At the location where the defect was observed, the sudden increase in energy was from 19000 to 33000 units at 60th second and from 2300 to 40000 units at 90th second of welding.
The Amplitude remained almost constant from 30 to 110 seconds during welding The amplitude value is found to vary from 58dB to 68dB except at place where the defect was identified. At the location where the defects was observed, the sudden increase in amplitude was from 60 to 75 dB at 60th second and from 65 to 75 dB at 90th second of welding.
The Counts are found to increase marginally from 30 to 110 seconds as welding is progressed The counts are found to increase from 18000 to 25000 units except at places where the defect was identified. At the location where the defect was observed, the sudden decrease in counts was from 20000 to 23000 units at 60th, from 23000 to 26000 units at 90th second.
The contour plot, Edge plot, and Line profile of weld bead shows variation in there appearance along good region and defective region as identified from X-Ray radiography, force graph and AE parameters of this specimen. The variation in first order and second order statistical parameter of specimen along good and defective region are shown in the bar chart The value of the preceding measures for the two types of textures (good and defective) gives us: The standard deviation is much more informative: the numbers clearly shows that the good weld texture has significantly less variability in gray level (it is smooth) than the defective weld texture. The mean just tells us the average gray level of each region and is useful only as a rough idea of intensity, not really in accessing the texture. Looking at the measure of entropy, we again conclude that the good weld smoother (more uniform than the defective weld) and that the most random (highest entropy) corresponds to the defective weld texture.
The variations in second order statistical parameter of weld specimens along good and defective region are shown in the bar chart due to the following reasons: variation in the value of the preceding measures for the two types of textures (good and defective) gives us: Energy provides the sum of squared elements in the GLCM also known as uniformity or the angular second moment. Looking at the measure energy, we again conclude that the good weld smoother (more energy than the defective weld) and that the most random (lowest energy) corresponds to the defective weld texture. Contrast measures the local variations in the gray-level co-occurrence matrix, the number clearly shows that the good weld texture has significantly less variability in gray level (it is smooth) than the defective weld texture. Homogeneity measures the closeness of the distribution of elements in the GLCM to the GLCM diagonal. The good weld region has closeness than the defective weld region
Processed image show minimum variations in the pixels intensities along a selected line segment and consistency in the contouring data. The contour lines are continuous and uniform in good region of the weld zone Also generated histogram does not have any pixels below the gray level number of 150 (This is indicative of the defect free first mode and the soundness of the weld.
In the defect welded regiion, similar image processing techniques are adopted and the results shows that the contours are broken and discontinuous The intensity profile taken along the transverse section reveals abrupt fluctuate between the grayscale ranges of 145-220 This indicates the discontinuity in that zone and inconsistency in first mode. Also the statistical analysis of the generated histogram plot reveals that a number of pixels are having grayscale numbers less than This is indicative of the presence of defects and imperfections in the weld quality.
The image parameters quantified as statistical parameters of weld bead surface texture shows distinct variations along good and defect weld regions, thus the quality of weld can be accessed from the image parameters. Steps followed in processing and analyzing the image remains same for other three specimens welded with tool of different configuration.
Conclusions:
The values of RMS, energy and amplitude were found to be high, while the values of counts were found to be low at location where the defects occurred. The sudden decrease in counts at the occurrence of defect during FSW is due to low frequency of AE waves having very high amplitude, energy and RMS values. The contour and edge plot of weld bead which are formed by interaction of tool shoulder with a base metal while welding appears continuous evenly spread along good region compared to irregularly speared, fractured in the defect region .The first order and second order statistical parameter of weld bead texture shows less variation in gray level locally in good region compared to defect region. AE technique can be effectively used for online monitoring of FSW process. So that the occurrence of defect/flaws can be immediately sensed/identified for possible corrective action.
